A VHF radar has been used in a salt mine in the Cote Blanche Salt Dome to probe horizontally for the dome Rank and vertically for the top of the salt. Discontinuities in the salt' s complex electric permittivity caused by anhydrite stringers, shale, sandstone, water, or fractures will cause radar reflections. A narrow beam, f 9 degrees in salt, helps to determine the dire&on to the discontinuity. The time of the radar reflection determines the range to the discontinuity. The maximum one-way penetration was 2040 ft.
INTRODUCTION
For economic and safety reasons, the knowledge of discontinuities in the salt which lie beyond a mining face is of great value to miners. The use of VHF radar to probe for discontinuities in salt is a fast, safe, and cheap alternative to drilling and coring. Drilling can be hazardous, as the drill hole can enter a water-or gas-filled fracture in the salt. This has happened. Also, drilling can miss important discontinuities, as only a small volume of salt is sampled.
VHF radar probing for discontinuities in salt has been accomplished in thirteen salt mines in the U.S. and Canada. Previous research has shown that many types of discontinuities in salt can be detected, including tunnels beneath the mine floor (Unterberger, 1970, 197la) , drill holes (Unterberger, 1971a), salt-sediment interfaces (Unterberger, 197lb), salt dome flanks (Unterberger, 1972b), and salt dome roofs (Unterberger, 1972a (Unterberger, , 1973 Hluchanek, 1973) . Such observations were also made from a drill hole by use of a 230 Mhz pulse radar well logging system
(Holser et al, 1972). Hluchanek (1973) used a 440
Mhz pulse radar system to investigate the Hockley Salt Dome.
Recent research has shown that radar probing can be accomplished in materials other than salt. Dolphin et al (1974) located underground chambers in a dolomite mine by positioning radar transmitter and receiver units on the ground surface above the mine. Cook (1971) has also used radar to investigate coal beds.
THEORY

Electromagnetic wave propagation
The parameters which determine the velocity of propagation and the rate of attenuation of .an electromagnetic (EM) wave propagating through any medium are the complex electric permittivity and the complex magnetic permeability, which are defined as and e* = e' -.jt" 
Rejection of energy
A reflection of some of the energy in a radar wave traveling through any medium occurs when discontinuities in the complex electric permittivity and/or complex magnetic permeability are encountered by the wave. Discontinuities in salt caused by anhydrite, shale, sandstone, water, or fractures will cause radar reflections.
EQUIPMENT
The radar system (Figure 2 ) used in these experiments is a pulse radar system which transmits at a frequency of 440 M hz. The transmitter-receiver was designed as a radar altimeter and has a 100 milliwatt average power output. The receiver has I20 db of gain. The transmitted pulse is an amplitude modulated sine-wave train 0.6 psec long. The pulse length in salt is about I20 ft, and this distance is the limit of resolution for a given polari- A double-stub tuner used in conjunction with a power monitor enables the transmitted power to be maximized. A low-noise preamplifier improves the signal-to-noise ratio, and an attenuator is useful in timing strong signals (40 db above noise) which occur close together in time The entire system is battery operated. All of the equipment, except for the battery charger, is mounted on a steel cart (Figure 4 ). The cart with the complete radar system weighs approximately 600 lb but is easily pulled by a tractor.
MEASUREMENT OF THE RADAR SPEED IN SALT
In radar practice, the measured traveltimes of signals displayed on the oscilloscope screen are two-way traveltimes. To obtain the range to a target, we must divide either the two-way traveltime or the velocity of propagation by two before they are multiplied together to give distance. It is a radar convention to divide the velocity of propagation by two. This is called the radar speed.
To measure the radar speed in Cote Blanche salt, we transmitted a radar pulse into a pillar of salt 258 ft thick (Figure 5 ). The measured twoway traveltime of the reflection from the opposite side of the pillar was 1.37 wsec. The radar speed is calculated to be 258 0, = --1.37 = 188 ftjpsec.
The uncertainty of this value is about f 10 ft/Fsec. The radar speed obtained for Cote Blanche salt is lower than that for pure salt (203 ft/psec). This lower value can be attributed to the presence of impure salt at Cote Blanche, as the electric permittivity of common impurities is generally larger than that of pure salt.
Distance to a discontinuity can be determined from the radar speed and the two-way traveltime of a radar reflection. The use of a narrow beam, f 9 degrees in salt, helps to determine the direction to the discontinuity. Generally, observed radar signals are caused by discontinuities that lie within the beamwidth of the radar pulse. Most of the discontinuities observed in the salt above the mine appear to be localized, although some discontinuities are observed at adjacent radar stations. With one exception, no discontinuity was observed that occupied a large area above the mine. Cross-section AA' (Figure 8) gives the location of the reflector relative to the top of the salt dome and the mine level (Figure 9 ). The horizontal extent of the mine in this cross-section is about 3000 ft, and the horizontal extent of the discontinuity is about 1700 ft.
Mapping the top of the salt dome
The top of the salt dome was detected from ten radar stations in the mine. In Figure 10 , contours of the top of the salt dome relative to mean sea level based on seismic data (with some well control) are shown. Elevations of the top of the salt dome relative to mean sea level determined from radar data are also plotted in Figure IO . Agreement between seismic and radar data is fairly good. Where differences exist, we believe the radar data are more reliable.
At some locations, the top of the salt dome was probably not detected because most of the energy in the radar wave was absorbed or reflected by discontinuities in the salt encountered before the top of the salt dome was reached. It is also possible that larger than normal amounts of impurities in the salt made it abnormally lossy for electromagnetic waves.
Range of transt~zission in salt
When the roof was probed at one radar station in the shear zone. a multiple reflection that had traveled through a total of 4080 ft of salt was observed. The effective (one-way) range of penetration is 2040 ft. Transmission this far through salt is exceptional for the low power radar used in this work' and is possible because salt is charac-' Later uork using a high power radar in the same mine detected reflectIons from 3177 ft. terized by very low attenuation at a frequency of erties of electronics materials: Boston. Boston Tech- 
